The current study is an effort in the development of Lecxico-semantic relations among Punjabi Shahmukhi nouns. Semantic relations are those nets, which are found among nouns on the bases of word meanings. Development of semantic nets is taken as a key part while developing WordNet of any language. The WordNet of Punjabi Shahmukhi is not developed yet. The digital exposure and progress of Punjabi Shahmukhi is very slow in comparison to other languages of the world. The present study explores the kind of semantic relations found among the nouns of Punjabi Shahmukhi. WordNet organizes words on the basis of word meanings rather than word forms. WordNet of English includes four open class categories including; nouns, verbs, adverbs and adjectives, but present study is limited to the analysis of nouns. A corpus of 2 million words of Punjabi Shahmukhi was taken from different sources. Then, it was POS tagged and a list of 846 nouns was generated. Then, each noun was analyzed individually to develop its Lecxico-semantic relations including: synonymy, antonymy, meronyms, holonymy, hyponymy, hypernymy, singular, plural, masculine, feminine and HAS a part. The present research is significant and useful in the development of WordNet for Punjabi Shahmukhi. With the development of WordNet, it will be possible to run digital applications in Punjabi Shahmukhi including: machine translation, information retrieval, querying archive and report generation to automatic speech recognition, data mining, read aloud, robotics and many more. On the other hand, WordNet will help to maintain an international status for Punjabi Shahmukhi.
Recognition, Optical Character Recognition, Digital documentation, Parsing, POS-Tagging, Sentence Breaking, Text Mining, Sentiment analysis, Text to Speech, Automatic speech recognition, Speech to Text, Speech to Speech, Information Retrieval, Speech Identification and many more (Kumar & Paul, 2016) .
All these applications work with the backend digital sources of language and WordNet is one of the reliable digital form of language. The present study investigates the kinds of semantic relations among the nouns of Punjabi Shahmukhi. According to L'Homme and Cormier (2014) words have been organized in semantic nets, which are linked with different relations in WordNet. These relations have been developed on the basis of word meanings rather than word forms. There are four open class categories in Princeton WordNet of English including; nouns, verbs, adverbs and adjectives, but the current study is limited to develop semantic nets only among nouns. The kind of relations, which are considered the part of nouns are synonymy, for example, synonym of ‫روز‬ is ‫.ديہاڑی‬ Similarly, the synonym of ‫ُکھ‬ ‫د‬ is ‫اذيت‬ and ‫جہان‬ is ‫.سنسار‬ Here, the changing of original word with its synonym does not change the context. Then comes the relation of opposition among nouns as ‫ُکھ‬ ‫س‬ ‫ُکھ/‬ ‫د‬ ‫آخرت,‬ ‫ُنيا/‬ ‫د‬ ‫امير/غريب,‬ and ‫دشمن‬ ‫سنگی/‬ are antonyms of each other. Another relation among nouns is part-whole relation, we call it meronymy/holonymy, as 'deck' is meronymy of 'ship' and itself is the holonymy. It holds among synsets as in Punjabi ‫روڑا‬ is a meronym of ‫اٹ‬ and ‫اٹ‬ itself is holonymy. Moreover, the semantic relation of hypernym and hyponym, which are not common in dictionaries but are significant part of WordNet. Augenstein, Riedel, Vikraman and McCallum (2017) , define hypernym is finding out the upper class of a given noun in the particular organization of natural hierarchy or can be called upper to its superordinate as in ‫,لکﮍ'‬ the hypernym of ‫تختہ‬ ‫تے‬ ‫کرسی‬ ‫."ميز،‬ Here ‫تختہ‬ ‫کرسی,‬ ‫ميز،‬ are made from its upper class source ‫.لکﮍ‬ Hyponym displays the one class lower category. e.g., ‫ٹالی‬ is a hyponym of ‫ُکھ‬ ‫ر‬ , while ‫ُکھ‬ ‫ر‬ is a hyponym of ‫.بوٹا‬ As hyponym of ‫پکھو‬ is ‫کاں‬ and ‫انسان‬ is ‫.منڈا‬ These above and some other sematic relations including singular/plural, masculine/feminine and Has a Part that are related to nouns. In this way, the purpose of present study is to develop semantic nets among nouns of Punjabi Shahmukhi.
Significance of the Study
The current study is significant as it will be useful in the development of WordNet for Punjabi Shahmukhi Language. It will help in the translation of Punjabi Shahmukhi language into other languages and vice versa. This study will serve as a mile stone in digitizing the Punjabi Shahmukhi. The most significant part of this study is to develop confidence in the native speakers of Punjabi Shahmukhi language to promote Shahmukhi as a first language in Pakistan and all over the world.
Research Question
What are those are the semantic relations which found among the nouns of Punjabi Shahmukhi?
Methodology

Data Collection
A corpus of 2 million words of Punjabi Shahmukhi language was collected from the various sources including: Newspapers, News items, Novels, Published Books, Poetry, Short stories and Articles. Corpus was taken in soft form with UTF-8 encoding in Notepad file. Then the corpus was transliterated in Gurmukhi script to tag it with a software name as Akhar and after it again transliterated in Shahmukhi script. This was because POS tagger for Punjabi Shahmukhi is not developed yet. The obtained data was checked manually to remove machine error and to correct tags, which had been changed during transliteration processes. After the correction of tags, the list of nouns has been generated using Laurence Anthony's antconc 3.5.7: a tool to handle corpus.
Data Analysis
The final list of nouns was analyzed manually in the available online sources including Punjabi dictionary https://www.ijunoon.com/punjabi_dic/, Punjabi Wikipedia https://pnb.wiktionary.org/wiki/, which has more than 9000 words in its database and another Punjabi Wikipedia https://pnb.wikipedia.org/wiki/, which has a huge data of 46546 articles. None of these resources inform about the semantic relations of synonymy, antonymy, meronyms, holonymy, hyponymy, hypernymy, singular, plural, masculine, feminine and HAS a part. These sources have been used to verify the existence of a particular word in Punjabi Shahmukhi language. The relations have been found by asking the native speakers and finally verified by a Punjabi expert form the Department of Punjabi in Government College University, Faisalabad.
During the data analysis diacritical marks have been given to the words to specify their particular sense because many words in Punjabi language have more than one meaning. The current study is unique because it a breakthrough in digitizing Punjabi language by using diacritical marks.
Results and Interpretations
Analysis of Nouns
From the total corpus of 2 million Punjabi Shahmukhi words, the list of nouns was extracted as mentioned earlier in data collection. Analysis showed that there was a repetition of nouns. A significant number of nouns showed their ambiguous representation because of machine translation and data handling errors. This happened due to the unavailability of NLP tools for Punjabi Shahmukhi. The generated list was analyzed and a final list of 846 nouns was developed. Many of the nouns were not in their correct orthography. The meaning of each target noun has been found using online resources of Punjabi Shahmukhi.
Interpretations of Lecxico-Semantic Relations of Nouns
The above analyzed data has been shown in the following bar-graph, which informs about the frequency of every lexical and semantic relation with its comparative graphical representation.
In this way, the following graphical representation shows the frequency of nouns for each semantic relation. The most frequent lexical relation found in the analysis of nouns is synonymy. Two words are synonym of each other, if the replacement of one word with other does not change the context (Fellbaum, 2010) . The longest bar of synonymous relation in bar graph helps us to understand the diversity and richness of language, where a number of words can be replaced with the target word. 
Relation of Antonymy
Antonymy is the relation of opposition, which is found frequent among the adjectives and adverbs (Miller, Beckwith, Fellbaum, Gross, & Miller, 1990) but rare among the nouns, so the bar of antonyms does not get a significant height in the bar-graph. Antonyms are of different kinds according to their nature of opposition and their comparative occurrence in the selected corpus is as given below. 
.1 Antonyms as Gradable Opposites
Many antonyms show gradable quality and are classified under category of adjectives (Fellbaum, 2010) as ‫,ٹھنڈا/گرم‬ ‫,اچھا/برا‬ ‫لمبا/چھوٹا‬ and so on. These pairs of opposites add grading quality of 'more and less'. As ‫‪and‬ٹھنڈا‬ ‫گرم‬ both are gradable opposites and we can say that A is colder than B and C is very cold. Some of the nouns also showed quality in grades as in ‫محبت/نفرت‬ and in ‫‪but‬دوست/دشممن‬ this quality was not very common in nouns.
The above graph shows that only 38 nouns were found gradable antonyms, which made 16.10 percent of total antonyms. Some examples of nouns showing gradable opposition from the current corpus are ‫/سچ‬ ‫ُوڑ‬ ‫ک‬ , ‫/ڈر‬ ‫نڈر‬ , ‫/ہاسا‬ ‫رونا‬ , ‫/ہمت‬ ‫مايوسی‬ , ‫/دولت‬ ‫غربت‬ , ‫/صحت‬ ‫بماری‬ , ‫/کوڑا‬ ‫ميٹھا‬ , ‫/باغی‬ ‫فرمابردار‬ , ‫/جاڑا‬ ‫گرمی‬ …etc.
Complementary Opposites
Antonyms are also complementary opposites, which are quite similar to gradable opposites (Vetulani, 2012) . These are associated to the opposite conceptual compartments and cannot fall under same concept. For example, if something is not right, it must be wrong and if something is not dead, it must be alive. According to Cruse (1986), there is not any middle way in these opposite categories as found in gradable opposite. Nouns like ‫)دن/رات(‬ and adjectives like ( ‫صيح‬ ‫/غلط‬ , ‫ذنده/مرد‬ and ‫)ماننا/ناماننا‬ are examples of complementary antonyms. However, a question of grading complementary opposites is answered by Boholm (2017) that these can be graded rather than using their main sense. For example, when we say that someone is alive not dead but we can say that someone is energetic or lively. As the gradation of ‫دن/رات‬ can be ‫صبح،دوپہر‬ or ‫شام‬ which is not the representation of main sense but itself these are other nouns. Vol. 9, No. 3; 2019 relational opposites 'one' cannot be described without suggesting the 'other one'. In this way relational opposites are taken as a subclass of directional opposites e.g., in ‫آگے/پيچھے‬ the description is spatial, while some of opposites showed social roles, The overall position of antonym bar in graph shows that the relation of antonym is not frequent in nouns. Only 27.90% of the total corpus showed the antonymy relation as Miller (1990) discussed that this relation of opposition is not a fundamental organizational principle for nouns, although it exists among nouns. It serves as basis for the organization of adjectives in WordNet or other dictionaries.
Meronymy/ Holonymy (Part-Whole Relation)
Meronymy/Holonymy are called part-whole semantic relations. If the part of any whole represents the whole entity, it is known as its meronym (Dave & Jaswal, 2015) . The analysis of nouns highlighted that 375 nouns out of 846 had the relation of meronymy e.g., ‫عقل‬ is a meronym of ‫.سوچ‬ When someone talks about ‫,عقل‬ the capability of thinking ‫سوچ‬ comes in our mind, so it can be said that ‫عقل‬ is a representation of ‫.سوچ‬ On the same lines ‫کھالڑی‬ is a meronym of ‫‪and‬کھيڈ‬ ‫ياری‬ is a meronym of ‫.يار‬ The wholes of which the meronyms are part called holonyms. In the examples above ‫,سوچ‬ ‫کھيڈ‬ and ‫يار‬ are the holonyms.
Another important piece of information, which the graph represents is the difference in number of meronyms and holonyms in the given corpus. The number of meronyms were 375, while holonyms were 298 in number. It describes the nature of nouns in the corpus that 35.23% of total corpus showed the relation of holonymy. Further, it explains that 64.73% nouns from the corpus were not the part of any whole but those were individual entities. 
Relation of Hypernym/Hyponym
Sigman and Cecchi (2002) explain the relation of hypernym/holonymy as a relation of superordinate and subordinate. Here, the target word is defined by looking at the higher category (hypernym) and lower category (hyponym). In the corpus 292 words, which made 34.52% of total nouns showed their hyponym relation. For example, the subordinate category of ‫آنڈا‬ is ‫زردی‬ and hyponym of ‫محل‬ is ‫,کمرا‬ ‫موتی‬ is ‫ہار‬ and so on.
Likewise, hypernym of ‫آنڈا‬ is ‫,پکھو‬ ‫ريت‬ is ‫,ماده‬ ‫ضلع‬ is ‫,صوبہ‬ ‫کھنڈ‬ is ‫گﮍ‬ and so on. The percentage of hypernym relation found in the corpus of noun was 64.75%. Comparative analysis of both these relations exposed that occurrence of hyponyms was frequent than the occurrence of hypernyms. 
Has a Part Relation
The presence of Has a part relation is another quality of WordNet, which helps in the physiological representation of any entity in human mind and allows to have a clear picture of the target word (Banerjee & Pedersen, 2003) . This relation is also not frequent in common dictionaries. The occurrence of Has a Part relation was 50.94%, which make 431 nouns out of 846 nouns. It means remaining 415 nouns are in lack of showing their parts e.g. ‫,خبر‬ ‫,سچ‬ ‫,فن‬ ‫,پيار‬ ‫,ڈر‬ ‫,مزه‬ ‫,ہمت‬ ‫,بانی‬ ‫,خطا‬ ‫خيال‬ and so on. The analysis of these nouns has showed that many of these nouns belong to the category of abstract nouns. As the other nouns like ‫گت‬ ‫جُ‬ , ‫,دری‬ ‫,دوا‬ ‫,ران‬ ‫,شکر‬ ‫,الش‬ ‫پتھر‬ and so on are already so compact, complete and concise, that their parts are not visible to describe.
Relation of Singular/Plural
According to Giunchiglia, Maltese, Farazi and Dutta (2010) 
Relation of Masculine and Feminine
The results of the analysis for the relation of masculine/feminine have been shown in the following bar graph. Vol. 9, No. 3; 2019 According to Ordan and Wintner (2005) the relations of masculine and feminine for nouns are also very frequent in common dictionaries and in WordNet as well. The ratio of masculine and feminine relations in comparison with whole nouns was 58.27% and 36.17% respectively. Generally, the relations of masculine and feminine show the presence of species and social relations in the society.
The rules for defining gender to inanimate objects is arbitrary and there exist no hard and fast rules to define gender, but a pattern can be established, as the words which end with ‫ای‬are taken as feminine and the words which end with ‫ا‬ and ‫آ‬are taken as masculine.
The results also highlighted that 306 nouns out of 846 nouns represents feminine gender, which made 36.17 % of the total corpus. 25 nouns were found purely feminine and their respective masculine gender has been found. ‫اب‬ . These are the general categories for gender which are equally used for males and females. Some of these type of nouns become specific by adding prefixes, for example ‫مچھی‬ ‫نر‬ and ‫مچھی‬ ‫.ماده‬ There found 33 nouns, which are equally used for males and females. They become specific, when are used with particular gender, as ‫,جاہل‬ ‫,بشر‬ ‫,ضعيف‬ ‫,ملوک‬ ‫سلم‬ ُ ‫,م‬ ‫,گاہک‬ ‫,مکين‬ ‫,مريض‬ ‫,ناک‬ ‫,لوگ‬ ‫,کھرل‬ ‫,دوست‬ ‫کھيڈ‬ and ‫.لوک‬
Conclusion
The Present research was set out to explore the lexicosemantic relations of nouns with a future aim to create Punjabi Shahmukhi WordNet. WordNet is taken as a reliable resource to run digital applications of language which ultimately create valid results. Punjabi Shahmukhi has a least exposure in digital world because the digitization process of this language is very slow so, it is aimed to develop its WordNet. This project was undertaken to determine the possible semantic nets of Punjabi Shahmukhi nouns. Punjabi is a rich and diverse language showing a significant number of sematic relations.
The lexicosemantic relations have been found out for 846 nouns. After the relation of masculine and feminine, the second most frequent lexical relation among Punjabi Shahmukhi nouns is relation of synonymy. This is because of a huge number of speakers of this language. As the speaker of any language increases, the diversity in that particular language also increases. The results also help us to conclude that nouns are very rare in showing antonymous relation as Miller (1990) mentions that the relation of antonymy is not a fundamental principle to categorize nouns.
Finally, these lexical and semantic relations of nouns will be the part of Punjabi Shahmukhi WordNet, which is aimed to develope in near future.
